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In any quantum mechanical collision process we are interested in com- 
puting the amplitude or the matrix element for a transition from an initial 
system of particles to a final system of particles. In Feynman perturbation 
theory, these represent the external lines of the Feynman diagram. Perturba- 
tion theory implies that these external lines are either connected directly 
with one another or through propagators, which are off the energy shell. 
Thus, while the fourth component of the four momenta of the particles 
representing the external lines are just the energies computed by the 
relativistic relation between energy and momentum in the case of the 
propagators this need not be the case. 
So, if symmetry operations dealing with energy and momentum are 
defined for free particles, it is not clear how they can be carried over to 
the propagators. In particular it is not apparent at first sight how an operation 
switching particles to antiparticles affects the propagator which is character- 
ized only by a single parameter representing the four momentum. However 
if we decompose the propagators into positive and negative energy parts, 
we have shown in the previous contribution [1] that the particles are on the 
energy shell and thus the symmetry operations on free particles can be taken 
over directly to all orders of perturbation. Thus it suffices to define the 
operation of CPT for only free particles in Feynman graphical formalism 
and demonstrate how it can straightaway be carried over to interacting fields. 
CHARGE CONJUGATION 
We are dealing only with Feynman patterns characterized by the ordering 
in time of each vertex relative only to its two adjacent 01~s. A particle is 
considered incident at a vertex if it is represented by an arrow which 
terminates at that vertex. If it originates from it, it is considered emergent. 
A line which “looks up” travels forward in time and which “looks down” 
travels backward in time. Positive energy particles are represented by lines, 
incident or emergent, always “looking up.” Negative energy particles are 
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represented by lines, incident or emergent, always “looking down.” We now 
define the operation of charge conjugation as the reversal of the arrow, 
which means just changing incidence to emergence and vice versa, at the 
same time reversing the sign of energy momentum and spin. Incident 
particles are represented by spinors while emergent particles are represented 
by their relativistic conjugates. 
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PARITY 
Since the diagram is significant only in time, a particle is represented 
by the same line with the arrow in the same direction, but with reversed 
momentum. 
TIME REVERSAL 
This keeps the direction of the arrow the same but changes incidence 
to emergence and vice versa and also reverses momentum and spin. 
Let us now consider the combined operation of CT, CP, and CPT. 
CT amounts to changing incident (emergent) particles “looking up” to 
incident (emergent) particles “looking down,” i.e., it amounts merely to 
swivelling the line. Spinors remain as spinors with only energy reversed 
in sign. Thus the combined operation CT is smoother topologically; 
“smoothness” implies that we consider only a transformation of dynamical 
variables without going from spinors to their conjugates. 
CPT amounts to swivelling with the reversal of the four momentum and 
is therefore the smoothest of operations from a relativistic point of view. 
CP amounts to reversal of momentum and reversal of arrow with reversed 
energy, spinors going to their conjugates. 
If we decompose the Feynman diagrams into patterns, these rules can 
straightaway be applied since every line represents only particles on the 
mass shell (Fig. 1). 
However, for time reversal there is only one additional rule necessary in 
applying the above considerations to a pattern which is obtained by com- 
pounding the vertices. We have to reverse the time ordering of each vertex 
relative only to its adjacent ones while at the same time adopting the rule 
for the particle lines belonging to a vertex. 
The application of the above rule to the patterns of the Compton effect 
is given in Figs. II and III. 
In both the tables, E is the energy, p’ the three-dimensional momentum 
and 3 the spin. 
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